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© Optical amplifier having a single-mode curved active fibre. 



© The invention relates to an optical amplifier, in particular for optical-fiber telecommunications lines, compris- 
ing an active fiber (7) containing a fluorescent dopant in the respective optical core having emission at the 
wavelength of the transmission signal to be amplified, into which optical fiber a luminous pumping signal is 
supplied, in which the active optical fiber (7) is a fiber that in a substantially rectilinear configuration permits the 
single-mode light propagation at the transmission wavelength and the multi-mode light propagation at the 
pumping wavelength and is disposed, at least over 70% of the length thereof, in a curved configuration (11) with 
a bending radius corresponding to the propagation into the fiber itself of the fundamental mode alone at the 
pumping wavelength, thereby reducing the mode diameter at the transmission wavelength without however 
transmitting higher modes for the pumping signal. 




Fig. 1 
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OPTICAL AMPLIFIER HAVING A SINGLE-MODE CURVED ACTIVE FIBRE 



^r,Z? Sent , inVen J i °j 1 re '! teS t0 an ° Ptical in particu,ar for telecommunications fines, using an 

active fiber single-moded at the transmission wavelength only. 

It is known that optical fibers having a doped core obtained by the use of particular substances such as 
rare earth ions, have stimulated-emission features adapted for use as laser sources and optical amplifiers 

In fact these fibers can be supplied with a light source of a particular wavelength, referred to as 
pumping wavelength, which is capable of bringing the dopant atoms to an excited energetic state or 
pumping band, from which the atoms spontaneously decay within a very short period of time into a laser 
emission state, in wh.ch state they remain for a relatively long period of time 

When a fiber having a high number of atoms at the excited state in the laser emission level is passed 
hrough by a light signal having a wavelength corresponding to that laser emission state, the signal causes 
the transition of the excited atoms to a lower level, the light emission having the same wavelength as the 
signal: therefore a fiber of the above kind can be used in order to achieve an amplification of the signal and 
in particular for example, to achieve optical line amplifiers adapted to bring an attenuated-transmission 
optical s.gnal back to a high level after a long travel through a fiber in a telecommunications line 

oo^Tl^T^ ° f the ab ° Ve kind are f ° r example known from the ltaij an P^ent Application No 
22120 A 89 in the name of the same applicant, filed on October 24 th , 1989, in which the active fiber is 

wTvetength 0 ^ Sin9le " m ° de type both * the transmission wavelength and at the pumping 

These fibers however, which are single-moded both at the transmission wavelength and pumping 
wavelength, have a different distribution of the luminous power in the fiber section and in particular the 
lum.nous power of the transmission signal is distributed over a greater area of the fiber section than the 
area in which the pumping power is present. 

The fluorescent dopant, responsible for the transmission signal amplification, is concentrated in the fiber 
* ♦% ' n K kn0Wn amplifiers is such desi 9n«l that the pumping power be confined in said area 
too, so that it can be entirely used to excite the fluorescent dopant in the laser emission level; since 
however part of the transmission signal power is transmitted to the fiber outside the area in which the 
fluorescent dopant and pumping power are present, it results that only part of said signal is available in the 
fiber area in which it can be amplified. 

The above phenomenon brings about a limitation in the amplification efficiency of the amplifier meant 
as the gain of the transmission signal per pumping power unit. 

Consequently the problem arises of increasing said efficiency with respect to known amplifiers 
The present invention aims at providing an amplifier in which the transmission signal power and the 
pump.ng power have a substantially similar distribution in the active fiber section and are also concentrated 
in the fiber area in which the fluorescent dopant is present. 

It is an object of the present invention to provide an optical amplifier, in particular for optical-fiber 
telecommunications fines insertable in series in the optical fiber of a line, comprising at least a luminous 
pumping source, a dichroic coupler having two inputs connected to the optical line fiber carrying a 
transmission signal and to the luminous pumping source respectively, and an output connected to one end 
wavlnn TJ ">" tainin 9 a . ""orescent dopant in the respectjve Qptjca| cofe ^ emjssjon jn 
wavelength range of the transmission signal and to be pumped at the wavelength of the pumping source 
characterized ,n that the active optical fiber is a fiber that in a substantially rectilinear configuration permits 
the luminous single-mode propagation at the transmission wavelength and the luminous multi-mode 
propagation at the pumping wavelength and is disposed in a curved configuration at least over 70% of its 
overall length, with a bending radius corresponding to the propagation in the fiber of the fundamental mode 
alone at the pumping wavelength. 

The bending radius of the curved active fiber is in the range of 20 to 140 mm and preferably the 
bending radius of the active fiber ranges between 35 and 100 mm. 

In a preferred embodiment the transmission wavelength is between 1520 and 1570 nm and the 
pumping wavelength is 980 nm (± 10 nm) and the fluorescent dopant in the active fiber is erbium 

In particular the active fiber has at least a curved portion having a bending radius corresponding to the 
propagation in the fiber itself of the fundamental mode alone at the pumping wavelength, which portion is 
contiguous to non-curved fiber portions, the length of the curved portion orf the sum of the curved portion 
lengths being higher than 70% of the overall length of the active fiber. 

Preferably the active fiber exhibits a single continuous curved portion with a bending radius correspond- 
ing to the propagation in the fiber itself of the fundamental mode alone at the pumping wavelength portions 
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of non-curved fiber being present at either or both ends of the active fiber. 

In a particularly preferred embodiment of an optical amplifier in accordance with the invention the active 
fiber is curved with a bending radius corresponding to the propagation in the fiber itself of the fundamental 
mode alone at the pumping wavelength over the whole length thereof, apart from the substantially devoid- 
5 of-curve end portions, having each a length lower than 400 mm; preferably the length of the substantially 
devoid-of-curve end portions is lower than 200 mm. 

Further details will be drawn from the following description of the invention, with reference to the 
accompanying drawings, in which: 

- Fig. 1 is a diagram showing an optical amplifier using an active fiber; 

10 - Fig. 2 is a diagram showing the energetic transitions of a fiber of the type to be used for an amplifier 
according to the diagram of Fig. 1, which transitions are adapted to generate a stimulated (laser) 
emission; 

- Fig. 3 is a diagram showing the arrangements relating to the pumping, transmission and cut-off 
wavelengths; 

15 - Fig. 4 is a diagram showing the radial distribution of the light intensity in an optical fiber; 

- Fig. 5 is a sketch of an active fiber arrangement in an amplifier in accordance with the invention; 

- Fig. 6 is a front view of the fiber shown in Fig. 5; 

- Fig. 7 is a diagram showing the ' variations in the mode diameter in a fiber, depending upon the 
wavelength; ' 

20 - Fig. 8 is a diagram showing the gain in an optical amplifier depending upon the length of the active 
fiber used. 

For the purpose of amplifying signals in optical telecommunications fibers, amplifiers employing optical 
fibers can be conveniently used; the structure of said amplifiers is diagrammatically shown in Fig. 1, in 
which 1 denotes an optical telecommunications fiber to which a transmission signal of a wavelength X s , 

25 generated by a signal laser emitter 2 is sent; the signal, being attenuated after a certain line length, is sent 
to an optical amplifier 3, substantially consisting of a dichroic coupler 4 where it is joined on a single 
outgoing fiber 5, to a pumping signal of wavelength \ p , generated by a pumping laser emitter 6; an active 
fiber 7 connected to the fiber 5 issuing from the coupler, constitutes the signal amplifying element which is 
then introduced again into the line fiber 1 and goes on towards its destination. 

30 In order to produce the active fiber 7 generating the amplification of the light signal, a silica-based 
optical fiber is used, which is doped with a fluorescent material adapted to generate a light emission which 
is stimulated in the presence of a light signal that is thus amplified thereby. 

As the fluorescent material, it is convenient to use Er 2 0 3 which can have stimulated transitions, also 
referred to as "laser" transitions, at wavelengths that are convenient for the remote transmission of 

35 telecommunications signals. 

As shown in the diagram of Fig. 2 relating to a fiber of the above type symbolically representing the 
available energetic states for an erbium ion solution in the fiber silica-based matrix, the introduction of a 
light power into the active fiber at the "pumping" wavelength \ p , lower than the wavelength \ s of the 
transmission signal, brings a certain number of Er 3 ions present as the dopant in the fiber glass-based 

40 matrix, to an "excited" energetic state 8, referred to as "pumping" band, from which state ions spontane- 
ously decay into an energetic level 9 constituting a laser emission level. 

It is known that, while the transition from band 8 to level 9 is associated with a thermal-type emission, 
which is dispersed outside the fiber (phonon radiation), the transition from level 9 to the base level 10 
generates a light emission of a wavelength corresponding to the energetic value of the laser emission level 

45 9; if a fiber containing a high amount of ions at the laser emission level is passed through by a signal of a 
wavelength corresponding to such an emission level, the signal causes the stimulated transition of the 
concerned ions from the emission state to the base state before the spontaneous decay thereof, with a 
cascade phenomenon producing the emission of a greatly amplified transmission signal at the outlet of the 
active fiber. 

so Diagrammatically shown in fig. 4 is the end of a fiber seen in axial section and denoted by 11; a core 
12 and a cladding 13 are defined for such a fiber and they are identified by different refractive indices. 

For use purposes as the active fiber in an amplifier, the dopant, that is Er 3 *, is present within the core 

12- 

In order to achieve a high amplification gain, it is convenient that the active fiber 7 in the amplifier be of 
55 the single-mode type both at the transmission wavelength and the pumping wavelength, as disclosed in the 
Italian patent application No. 22120 A/89 in the name of the same applicant. 

The foregoing means, as shown in Fig. 3, that based on the teachings contained in said patent the 
active fiber is such sized that the fiber cut-off wavelength \ c1 , also referred to as "x^-orr" above which the 

3 
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propagation of the fundamental mode alone occurs in the fiber, is both lower than the wavelength of the 
transmiss.on signal X s , and lower than the wavelength of the pumping radiation Xp. 

The important measurements for the purpose of selecting the cut-off wavelength of the fiber are 
substantially the numerical aperture NA and core diameter thereof. 

The numerical aperture NA of a fiber having a refractive index profile substantially of the "step index- 
type or the like is defined as: 



2\ L2 



NA = (n, 2 - n 2 2 ) 

where n, is the refractive index of the fiber core and n 2 is the refractive index of the fiber cladding 

It is known that the desired refractive indices of the fiber core and cladding can be achieved by 
selecting the concentration in the core and cladding themselves of the primary dopant, or index variator 
dopant, introduced into the preform from which the fiber is obtained through well-known techniques 
The dopants used for the purpose usually consist of Ge0 2 or Al 2 0 3 . 

Within the fiber, a light radiation having a wavelength for which there is a single-mode propagation in 
the fiber, that is higher than the fiber cut-off wavelength, exhibits a radial distribution of the light intensity of 
the type shown ,n Fig. 4 by curves P and S the development of which is substantially of the Gauss type 
with a maximum intensity l mux along the fiber axis and decreasing values as far as zero towards the fiber 
periphery. 

so Based on the above distribution a mode diameter * m is defined as the diameter at which there is a light 
intensity l(« m ) in the fiber: y 




where l max is the maximum light intensity in the fiber, based on specifications CCITT G.652 (Consultative 
so Committee International Telegram and Telephone). 

As is apparent from the drawing, most of the transmitted light power is substantially confined within the 
mode diameter. 

For the purpose of an efficient amplification it is of great importance to have a high density of the 
pumping power in the fiber core 12. where the fluorescent dopant is present, so that a high population 
inversion in the dopant can be kept, that is a high percentage of dopant atoms available for amplification at 
the higher laser level 9, as compared with those at the base state 10; the pumping power transmitted 
outs.de the core where no dopant is present, is substantially inactive to the ends of the dopant inversion at 
the higher laser level. 

The transmission signal, in turn, should have a radial-distribution intensity in the fiber similar to that of 
the pumping signal, for the purpose of being transmitted to the fiber region in which most of the luminous 
pumping power is present, so that it can be efficiently amplified. 

To this end therefore the mode diameters of the pumping signal and transmission signal should be as 
similar as possible. 

In an optical fiber of the type having the core 12 and cladding 13 as shown in Fig. 4 in alignment with 
the diagrams of the radial light intensity distribution of pumping and transmission signals, the mode 
d.ameter * at the transmission wavelength Xs, the curve of the radial light intensity distribution of which is 
represented by line S in the drawing, is remarkably greater than the mode diameter 9p at the pumping 
wavelength X p . with the intensity curve P, and substantially corresponding to the core 12 diameter the 

„ ,° V L me3nS th3t a " important P art of * e light signal does not propagate into the area of the active fiber to 

so which the pumping energy is supplied and in which the dopant is present. 

In fact it is to be noted that the mode diameter which for wavelength values close to the cut-off 
wavelength x c of the fiber is substantially constant and not very different from the core diameter of the fiber 
itself, for greater X values greatly increases, as shown in Fig. 7: therefore, in order to ensure that the fiber 
be s.ngle-mode at the pumping wavelength X p , for example in the case of amplifiers having an erbium- 

55 doped active fiber, at 980 nm (± 10%), a fiber having a cut-off wavelength X c lower than 980 nm must be 
used and therefore a very high mode diameter at the transmission wavelength X^ is achieved, which is by 
far greater than the mode diameter at the pumping wavelength X p , so that most of the transmission signal 
does not propagate into the fiber area in which it can be amplified. 
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The above behaviour occurs when the active fiber has a rectilinear or substantially rectilinear configura- 
tion, where the term "substantially rectilinear configuration" means that the fiber is not submitted to 
geometrical deformations capable of greatly modifying the optical behaviour thereof; for said reason, in 
accordance with the specifications (CCITT, Instruction G.652), it is provided to evaluate the theoretical cut- 
5 off wavelength based on the profile of the refractive index in the fiber, and cut-off wavelengths in operating 
conditions. 

In particular said specifications take into account the possibility of measuring a cut-off wavelength for a 
wired fiber, the measurement being carried out on a single fiber ring of a radius of 140 mm; the detected 
variation in the cut-off wavelength in these conditions as compared with the theoretical value is, on the other 
w hand, rather small, a difference lower than about 5% with respect to the theoretical cut-off wavelength being 
expected. 

In accordance with the present invention the active fiber of the amplifier is selected of the single-mode 
type at the transmission wavelength X s alone, that is having a value of cut-off wavelength X c2 lower than \ s , 
but substantially higher than X p , as shown in Fig. 3. 

75 With said fiber the mode diameter at the transmission wavelength, particularly in the range between 
1520 and 1570 nm, adapted for the use of amplifiers having an erbium-doped active fiber, being the 
transmission wavelength close to the cut-off wavelength, appears to be sufficiently small, substantially close 
to the diameter of the fiber core; the fundamental mode of the pumping signal, in turn, has a diameter close 
to that of the fiber core and therefore the transmission signal power is maintained substantially confined 

20 within the fiber area in which the pumping signal and active dopant are present. 

The active fiber is disposed in a curved configuration over the whole length thereof, in the form of coils 
constituting the amplifier, as shown in Figs. 5 and 6, for example wound around a cylindrical support or the 
like: the fiber bending is selected in accordance with the present invention with a radius R c substantially 
lower than 140 mm, such as to permit the propagation of the fundamental mode alone within the fiber even 

25 for wavelengths lower than the above mentioned wavelength Xc2 and in particular even for the pumping 
wavelength \ p . 

The fiber bending in fact causes the same to transmit the fundamental mode alone for wavelengths that 
are increasingly smaller as the bending imparted to the fiber becomes more marked, that is as R c becomes 
smaller; therefore it is possible to define a bending radius R p under which, for a given wavelength and in 
30 particular for the pumping wavelength, the only propagation of the fundamental mode within the fiber is 
possible. 

The bending radius R c adopted for the active fiber is to be therefore lower than or equal to the above 
radius R p ; practically, since the bending can be caused by a mechanical weakening of the fiber structure, 
making it liable to breakages or crackings, preferably a bending radius equal to R p or close thereto is used. 

35 The choice of an appropriate value for said bending enables modes higher than the pumping 
wavelength to be eliminated from the active fiber, so that within the fiber the fundamental mode of the 
pumping signal alone is driven, while keeping a cut-off wavelength giving rise to a small mode diameter in 
the fiber at the transmission wavelength. 

In this manner it is possible to achieve a particularly high amplification efficiency, that is a high 

40 amplification gain per supplied pumping power unit, so that a fiber of shorter length can be used to achieve 
the desired amplification, as shown in Fig. 8, in which one can see that a gain G 0 can be reached with an 
active fiber of length Li, using a fiber of a cut-off length \ c2 > 980 nm, greatly lower than the length L 2 
necessary to achieve the same gain with a fiber having a cut-off wavelength \ c1 < 980 nm. 

In the dichroic coupler 4 produced on the basis of the teachings disclosed in the above mentioned 

45 Italian patent application No. 22120 A/89, the transport fiber 5 of the transmission signals coupled to the 
pumping signal is of the single-mode type at both wavelengths; this fiber has therefore a mode diameter at 
the transmission wavelength \ s higher than the mode diameter in the active fiber in accordance with the 
invention; the welding between fibers 5 and 11 exhibits an attenuation at the transmission wavelength, due 
to such a diameter difference. 

so A further light attenuation occurs in the welding between the active fiber and the line fiber 1; in fact 
although the commercially available fibers used as line fibers are of the single-mode type at the 
transmission wavelength alone, in said range between 1520 and 1570 nm, they have a rather high mode 
diameter, for the purpose of achieving easy joinings and the like, equal to or greater than the mode 
diameter of the coupler fiber 5. 

55 The overall gain G ex in an amplifier is given by the inner gain of the active fiber G in , minus losses or 
attenuations A s due to the weldings between the different fibers: in order to achieve this result therefore a 
gain G in = G ex + A s is required from the active fiber. 

The use of a fiber in accordance with the present invention, having a very small mode diameter, 
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TTZlZ ea \l' !° S t eS t0 We ' din9 35 C ° mpared With known active fibers which single-mode also 
**tie™iweL addiU ° nal '° SSeS 9enera " y ne9,i9ib,e 35 C ° mpared With the obtai » ed 

undeMhif ra^rtS ndin9 K radiU ? Rc * ^ ° f a PP ro P riate "» * ^gher than about 20 mm and 
TZ * h, ™f an.cal strength of the curved fiber becomes critical and in addition the welding 

hHrtit f L JUnC ST S S 6 imP ° rtant ValU6S ' due l ° 016 9reat d,fference between the m °de diameters of 
mm ztZ m rnl ^ " *" C ° minQ ° Ut ° f thS COUpler - whereas bendi "9 rad » higher than 140 
™ ar * °' " tt ' e U *' rt y for ach,evi "9 an important shifting of the cut-off wavelength; preferably R c > 35 mm 
and more preferably 50mm £ R c < 100mm. 

rnndLnT^LT "IT Saidbendin 9 radii the ma *™™ value of a cut-off wavelength under rectilinear 
commons, enabling the s,ngle-mode propagation of the pumping signal at 980 nm to be achieved when the 
m^hl^f J* ^ reS P° ndin 9 radius, without reaching said critical values as regards the 

T m ° J 6 fib8r itSe,f iS Xc = ab ° Ut 1280 nm - responding to a mode diameter of about 4 

,m, with a bending radius R c of 50 mm said cut-off wavelength value is X c = about 1100 nm the mode 

TZZSZIT t0 3bOUt 5 3 Where3S ^ fUndamental mode of the P um P jn 9 signal has a diameter 

w^ll 3 in9 J" n ; 0de fiber in ^linear conditions at the. pumping wavelength, the mode diameter at the 
wavelength of the transmission signal is higher than 6 ?m. 

nv^JnntK^K 56 °l th< L aCtiV ,f fib6r qUa ' itieS m the amplifier in ^dance with the invention it is the 
overall length of the active fiber that should preferably be curved to the provided bending radius, that is the 

STJ « 7 di ! P T d ? 3 CUrV6d conf, 9 uratio "- example wound to form coils on the respective 
coupS'fiber 5 " ^ 5 ' immediate| y d ownstream of the joining by welding 15 to the 

h „ J* ° Uld " 0t ,he r above be possible or desirable, for example in order to avoid the bending stresses given 

a m^hr ed C ° n J 9Urat,0n ° f the active flber bei "9 transmitted to the welding 15, which usually constLes 

^f 6 * 1 " 19 P °' nt in the fiber - as shown in Fig- 6 the presence of a non-curved portion 16 of 

SLn h! m ^ H ,ed ; WWCh expedient does n °t ^olve a substantia, reduction in the advantages 
given by the active fiber bending. a 

Preferably the length L, of the rectilinear or substantially rectilinear active fiber portion 16. that is having 

AoT^VT 5 9r6ater f th t, ^ 38 d6fined ab ° Ve imr " ediate 'y downstream of the coup.er. is lower than 
acLTri I 1 Pf erab| y ' * 200 mm; such a substantially rectilinear fiber length can also be 

:Sc d y being ^ ^ *"? * * * - - "~- ^ - -«■*■«-"" 

fibJ^tJS! ™ri°°" P,i ? 9 ° f « 6 hi9h6r m ° deS i0 1,16 fib8r tak6S Place Proportionally to the travel length in the 
f.ber itself and therefore after a portion of the stated length no important pumping power transfer takes 
place in the active fiber from the fundamental mode to higher modes 

amnSLs^ln ^ USefu ' results - that is an increa ^ in the amplification efficiency with respect to 
amplifiers having a single-mode active fiber at the pumping wavelength too can also be obtained n 
accordance with the present invention, with an active fiber which is bent only over a portion of the lenq h 

fceTa [ST h b6 ; eeded f ° r mSetinS re9Uiremen tS ° f different ori 9in- Prided that the portion oS 
nnwpr ho h T th "S? T^"*" 9 to the propagation of the fundamental mode alone of the pumping 
power, be higher than 70% of the overall fiber length pumping 

reduced lS!TSrJ!!^ M9 ' I" PartiCU ' ar ^ buMmSS ° f ^ ""P"* structure within 

Inri S ^ k r et POrt, ° n const,tutes the middle Portion of the active fiber, whereas the leading 
e^nS, 9 hn P °? nS ; C ° nti9UOUS to the end weldi "9* of the fiber itself, can also have a rectilineal 
extenson however, due to particular requirements, the active fiber may also have several bent portions 
alternated with substantially rectilinear portions. pomons 

prep^ed^ * "* erbium - doped active fiber h aving the following characteristics has been 
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Core diameter 3-6 1^ 

Numerical aperture ~ n 2^^^ 0,23 

^ (theoretical cut-off wavelength) 1100 nm 
c 

Signal mode diameter 5-3 \m 
Erbium content (weight of Er 2°3^ ppm 



10 



With the above fiber an amplifier in accordance with the diagram shown in Fig. 1 has been 
accomplished, in which the fiber has been bent to form contiguous coils having a bending radius R = 50 
mm over the whole length thereof; under these conditions a value of the cut-off wavelength has been 
measured: 

75 

> (R) (cut-off wavelength on radius R) 980 nm 
c 

20 The fiber-using amplifier had the following features: 

Pumping power 17 mW 

Length of the active fiber 8.4 m 

The amplifier has been connected to a line fiber having a cut-off wavelength X c (F) = 1100 nm, giving a 
transmission signal to be amplified in power: 

Power of the incoming signal - ^5 dBm 



25 



30 



The amplifier's optical coupler had the fiber carrying the transmission signal and pumping signal of a 
cut-off wavelength 

35 

X C (A) = 980 nm. 

Due to the described configuration the following amplification gain has been achieved: 

G 30 dB. 

For comparison an amplifier having the same structural arrangement has been accomplished, using an 
active fiber having the following features: 

45 

Core diameter 3-6 urn 

, 2 2.1/2 n _ 

Numerical aperture (n^ - ) u.<zi 

\ (theoretical cut-off wavelength) 980 nm 

Signal mode diameter 6.2 vim 

Erbium content (weight of Er 2 °3^ 350 ppm 



55 



The fiber has been used in the amplifier under substantially rectilinear conditions, in the sense 
previously shown, so as to induce important variations in the cut-off wavelength thereof. 
The amplifier had the following features: 
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Pumping power 20 mW 

Length of the active fiber 10 m 

the flLi^powe? * " "** ^ * 008 ° f * e preCedin 9 exam P ,e had 

Power of the incoming signal - 45 dBm 

The following amplification gain has been achieved: 

G 2 30 dB. 

am ^r T ^ S8en ' ampliRer in accordance with invention has been capable of supplying the same 
amplmcat.on.gain as the comparative amplifier using a substantially rectilinear fiber, although a portion of 

greyer efficiency ' 6n9th ^ ^ PUmPi " 9 ^ ^ ^ showin 9 a remarkably 

The support structure for the coiled fiber turns, adapted to keep them at the provided bending radius 

ZeTJ^ZT^T 6 "*" 9 upon * e stmctural features of * e amplifier enve,ope - and * * °« 

invent Varia4i ° nS ^ ^ WithOUt dePaftin9 ^ the SC ° P8 ° f the 9eneral features of the P^se* 

Claims 



An optical amphfier. in particular for optical-fiber telecommunications lines insertable in series in an 
optical fiber of a line, comprising at least a luminous pumping source (6), a dichroic coupler (4) havinq 
nu° m r COnnected to the °P tical ,ine fib ^ carrying a transmission signal and to the luminous 
pumpmg source respect.vely. and an output (5) connected to one end of an active fiber (7) containing a 
fluorescent dopant in the respective optical core, with emission in the wavelength range of the 

tnT^'T r ' 9 ?l and J° be PUmPed 8t the wave,en 9 th of the pumping source, characterized in that 
tt»actove optical fiber (7) ,s a fiber that in a substantially rectilinear configuration permits the luminous 
single-mode propagation at the transmission wavelength and the luminous multi-mode propagation at 
he pumpmg wavelength and is disposed in a curved configuration at least over 70% of its overall 

XS^IS 3 9 rad i US correspondin 9 to the propagation in the fiber of the fundamental mode 

•*o alone at the pumping wavelength. 

2. An optical amplifier according to claim 1, characterized in that the active fiber (7) is curved so as to 
have its bending radius in the range of 20 to 140 mm. 

45 3. An optical amplifier according to claim 2, characterized in that the bending radius of the active fiber 
ranges between 35 and 100 mm. 

4. An optical amplifier according to claim 1, characterized in that the transmission wavelength is in the 

i^f . 1570 " m and the P um P in 9 wavelength is 980 nm (± 10 nm) and the fluorescent dopant 

so in the active fiber is erbium. 

5. An optical amplifier according to claim 1. characterized in that the active fiber (7) exhibits at least a 
curved portion (11) having a bending radius corresponding to the propagation in the fiber itself of the 
fundamental mode alone at the pumping wavelength, which portion is contiguous to non-curved fiber 

£ °?nJ }'^ e ' ength ° f the CUrved portion or the sum of the curved Portion lengths being higher 
than 70% of the overall length of the active fiber. 

6. An optical amplifier according to claim 5, characterized in that the active fiber (7) exhibits a single 
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continuous curved portion (11) having a bending radius corresponding to the propagation in the fiber 
itself of the fundamental mode alone at the pumping wavelength, non-curved fiber portions (16) being 
present at either or both of the active fiber ends. 

5 7. An optical amplifier according to claim 6, characterized in that the active fiber (7) is curved according to 
a bending radius corresponding to the propagation in the fiber itself of the fundamental mode alone at 
the pumping wavelength over the whole length thereof, apart from the end portions (16), which are 
substantially devoid of bending and have each a length lower than 400 mm. 

70 8. An optical amplifier according to claim 7, characterized in that the end portions (16) that are 
substantially devoid of bending have a length lower than 200 mm. 



75 



20 



25 



30 



35 



40 



45 



50 



55 



9 



BNSDOCID: <EP 0442553A1 J_> 



EP 0 442 553 A1 





Fig. 1 



Fig. 2 



(0m) 







p 




7 















Fig. 3 




BNSDOCID: <EP 0442553A1J_> 



10 



EP 0 442 553 A1 




BNSDOCID: <EP 0442553A1_I_> 



11 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 91200156.7 



Category 



P.A 



Citation of document with indication, where appropriate, 
of relevant passages 



US - A - 4 784 450 
(JAIN) 

* Fig. 3; column 7, line 52 
column 8 , line 10 * 

US - A - 4 941 726 
(RUSSELL) 

* Fig. 1; abstract * 

EP - A2 - 0 189 196 
(POLAROID) 

* Fig. 1; abstract * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CL5) 



G 02 F 1/39 
H 04 B 10/16 
H 01 S 3/30 



TECHNICAL FIELDS 
SEARCHED (Int. CL5) 



G 02 F 
H 04 B 
H01S 



The present search re pert has been drawn up for all claims 



Place of tearc* 

VIENNA 



D*te of conpielioa of 11 

23-04-1991 



DROSCHER 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O ; non-written disclosure 
P : intermediate document 



T : Theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



0442553A1_I_> 



